Lung cancer is consistently more common in urban areas than in rural. The excess cannot be accounted for by specific occupational hazards but some of it might be due to the presence of carcinogens in urban air. The excess cannot be wholly due to such agents, because the excess in nonsmokers is small and variable. Cigarette consumption has also been greater in urban areas, but it is difficult to estimate how much of the excess it can account for. Occupational studies confirm that pollutants present in town air are capable of causing lung cancer in man and suggest that the pollutants and cigarette smoke act synergistically. The trends in the mortality from lung cancer in young and middle-aged men in England and Wales provide uncertain evidence but support the belief that atmospheric pollution has contributed to the production of the disease. In the absence of cigarette smoking, the combined effect of all atmospheric carcinogens is not responsible for more than about 5 cases of lung cancer per 100,000 persons per year in European populations.
Urban-Rural Gradient
The idea that lung cancer might be caused by agents in the ambient atmosphere has provided a stimulus for research ever since it was realized that the mortality attributed to the disease was consistently higher in towns than in the countryside. The differences observed were not in general large, being commonly about two-fold, but it is notable that the mortality increased progressively with the size of town. Some typical data for both mortality and incidence are shown in Tables 1-3 and elsewhere in this issue (1) .
The excess urban mortality could be an artifact due to greater ease of access to hospitals and better diagnosis, but this is unlikely to be the explanation for much of the difference as it has persisted despite the more even spread of medical services. Moreover, case-control studies have shown that patients with lung cancer tend to have lived in towns for longer periods than matched control patients with other diseases (5) . Some small part could be due to specific occupational hazards, but this also is unlikely to be a major factor as the known and suspected hazards (Table 4) affect only a small proportion of the total urban population. It seems, there- *University of Oxford, 13 Norham Gardens, Oxford OX2 6PS, England. (2) . 
Carcinogens in the Atmosphere
That some factor in the urban environment might be responsible for the development of the disease appeared likely when it was discovered that the atmosphere contained a variety of substances that caused cancer in animals in laboratory experiments and also caused cancer of the lung in men who were exposed to large amounts in the course of their work. Such substances, which were present in greater amounts in urban air than in rural, included a range of polycyclic hydrocarbons produced by the combustion of fossil fuels, asbestos, arsenic, and radon. The question was, therefore, whether the quantities in the air were sufficient to produce the disease and, if so, how much of the observed mortality they could be responsible for.
Sex Differences in Incidence
That they were unlikely to be responsible for many cases was suggested by the fact that lung cancer was almost everywhere commoner in men than in women, as is shown in Tables 5 and 6 . Apart from specific exposure at work, there was no reason why men should be more exposed to atmospheric agents than women, so that, if these agents were responsible for the majority of lung cancers, we should have to postulate either that the disease was overlooked in women or that men were more susceptible to its development. Autopsy studies provide no evidence of gross underdiagnosis in women and there is increasing evidence that women (6) . 
Temporal Correlations
In many countries, the timing of the increase in the mortality from lung cancer is also difficult to associate with the changes in the concentration of atmospheric carcinogens. The increase in the UK and many other European countries occurred so long after the increase in the consumption of coal (8) that we cannot attribute any of it to the increase in urban smoke. Nor can it be attributed to pollution by diesel fumes, as diesel engines became common only after the increase in mortality was established. This point is, however, not worth pursuing in detail, as it is impossible to determine with sufficient accuracy how much of the increase in lung cancer is real and how much is attributable to improvements in diagnosis.
Cigarette Smoking
That carcinogens* in the ambient atmosphere are not alone sufficient to cause the current epidemic of lung cancer was finally demonstrated when it was shown that the disease was relatively rare in lifelong nonsmokers and that the incidence increased approximately in proportion to the number of cigarettes smoked per day. For the purpose of the present discussion it will be assumed that the association between the amount smoked and the incidence of the disease is causal, in the sense that, in the absence of cigarette smoking, the majority of cases would not have occurred. (Nearly all the published results agree in showing that the risk of lung cancer is much more closely related to cigarette smoking than to pipe or cigar smoking and, for simplicity, only cigarette smoking will be referred to.
Comparisons between the effect of smoking tobacco in different forms are complex and it is possible that different results may be obtained in different countries, because of differences in the type of tobacco used or in the way pipes and cigars are smoked.) The results of one prospective British study are summarized in Table 7 , and others are summarized by Friberg and Cederlof (1) . These show that the difference between mortality rates in lifelong nonsmokers and in heavy smokers is large (up to 30-fold) and much larger than that commonly observed between the rates in urban and rural residents. Moreover, the mortality in lifelong nonsmokers has invariably been found to be low in comparison with the national mortality rate, irrespective of place of residence. If, therefore, there were any substantial differences in cigarette smoking in town and country, these might account for the urban-rural differences in mortality. aUnpublished data from study reported by Doll and Peto (9) .
bSmoking only cigarettes, started under 25 years of age.
That cigarette smoking became common first in large cities is a matter of common observation, but there are very few data that throw any light on the extent to which this could contribute to the "urban factor" in the etiology of the disease. A survey carFebruary 1978 ried out by the Tobacco Research Council (10) in the UK showed that men and women in conurbations still smoked twice as many cigarettes as men in "truly rural" parts of the country as recently as 1970 (Table 8) . Such figures are, however, inadequate to allow calculations of the extent of the difference in the incidence of lung cancer to be expected from differences in smoking habits, as the incidence of the disease is affected materially by 11 7 Other urban districts 10 6 Rural districts: Total 9 5 Truly rural 5 3 Other rural 8 5 England and Wales 10 6 aData of Tobacco Research Council (10). aEstimated by Stocks (11) from retrospective data. Larger differences for nonsmokers are commonly quoted from a paper by Stocks and Campbell (12) which presented the preliminary results of the study finally reported by Stocks (11) . The rates for nonsmokers are likely to be too high because of the method of inquiry, which obtained data about lung cancer patients from relatives after the patients had died.
several aspects of smoking other than the number of cigarettes currently smoked, including, in particular, the age at starting to smoke, the duration of smoking, and the manner of smoking (e.g., whether the smoke is inhaled, the number of puffs per cigarette, and the length of the butt thrown away).
Several investigators, from Stocks (11) onwards, have tried to allow for differences in smoking habits, using either retrospective studies of cases and controls or prospective cohort studies of men with known smoking and residential histories. The results of two British studies are shown in Tables 9  and 10 , and others are summarized by Friberg and Cederlof (1) . None reveals any major difference in the incidence of lung cancer among nonsmokers no matter where they live, although several suggest that the effect of smoking a given amount may be greater in large towns than in the countryside. In view, however, of the many aspects of cigarette smoking that affect the incidence of the disease, it may be doubted whether any of the investigators have successfully standardized for differences in smoking habits, by the simple maneuver of comparing men in (say) three categories who smoke different numbers of cigarettes per day.
Interaction of Smoking with Other Agents
If this were the only evidence, we should have to conclude that carcinogens in the general atmosphere have little or no effect on the incidence of lung cancer. The position is complicated, however, by the discovery that several factors may produce a major effect in the presence of another factor when they produce no measurable effect on their own. In particular, there is now evidence to suggest that exposure to either radon or asbestos increases the absolute risk of bronchial carcinoma to a much greater extent in cigarette smokers than in non- 
aUnpublished data from study reported by Doll and Peto (9) .
bNumbers of deaths in parentheses. smokers (Tables 11 and 12 ). If this is so, the failure to observe any material increase in the incidence of lung cancer in nonsmokers who live in large towns is not conclusive, and the question has to be asked whether the increase in urban heavy smokers reflects subtle differences in smoking habits that have not been taken into account or whether it is due to the interaction of carcinogens in cigarette smoke with others in the ambient atmosphere.
Dose-Response Relationship for Carcinogens in the Atmosphere
The only way we can now answer this question is by quantifying the effect of exposure to a carcinogen in men who have been specifically exposed to large doses in the course of their work and extrapolating back to the effect of the small doses that are inspired from the ambient atmosphere, on the assumption that the incidence of the disease is linearly proportional to the concentration of the carcinogen to which the population is exposed (15) and that smoking habits are the same.
Very few sets of data are as yet available to allow such extrapolation. In one study, Doll and his colleagues (16) found that men making coal gas suffered a mortality from lung cancer of 306 per 100,000 a year (based on 54 deaths), which was 70% more than that suffered by other men in the same employ who were not so exposed. In another, Hammond and his colleagues (17) found that roofers and waterproofers working with pitch and asphalt had 59% more deaths from lung cancer than would have been expected from national mortality rates if they had been members of the relevant Trades Union for at least 20 years (99 deaths against 62.3 expected). Much higher relative risks were found for gas generator workers in Japan (33 to 1) (18) , and for coke-oven workers in the USA who had been employed for five years or more in occupations which required full-time work above the coke batteries (10 to 1) (19, 20) . Measurements of the amount of benzo[a]pyrene or other polycyclic hydrocarbons that were likely to have been inhaled were, however, made only for the first two groups (17, 21) . These are summarized in Table 13 , together with figures for urban residents estimated on the assumption that nonmanual workers inhale on average 12 m3 of air per day (21, 22) .
Comparison between the workers and urban residents is complicated by lack of precise information about the men's duration of employment, the relative effect of exposure for different periods [which may vary according to the fourth power of the duration (23)], and the extent to which atmospheric carcinogens and cigarette smoke interact. If they act synergistically, duration of exposure before the start of cigarette smoking may be relatively unimportant. In this case, town air could hardly be responsible for more than about 10 cases of lung cancer per year per 100,000 men with average smoking habits. Even fewer data are available for asbestos. The maximum concentration that has been found near building sites where asbestos was being sprayed is three orders of magnitude less than that which has been regarded as an acceptable concentration in the asbestos industry (0.1 mg/i3), and the amount that is commonly present in town air is still less by another two orders of magnitude (24) . (Comparison is complicated by variation in the size and shape of air-borne particles and fibers which modify their biological effect.) Unfortunately, we are still uncertain about the size of the risk that is associated with this "accepted concentration." In one study of an asbestos textile factory in England (25) it was found that the relative risk of lung cancer among men who had been employed for 20 years in "scheduled areas" (i.e., areas with specific exposure to asbestos dust) decreased progressively as the date of first employment became more recent (Table 14) . Present exposure is close to the "accepted concentrations"; but initially it was gross. Unfortunately, detailed dust records were not obtained in a way that enables them to be compared with present data until 1951, by which time the conditions in the factory had been transformed. Even then the mean dust level is likely to have been 31/2 times greater than it is now, and we shall have to wait for many years yet before industrial data enable us to make a reasonable estimate of the possible risk associated with the ''accepted concentration" of two fibers per milliliter (equivalent to 0.1 mg/m3).
Estimates of the effect of background radiation can be derived in a similar way from the occupational experience of underground miners exposed to radon. All agree in indicating that the effect is, at the most, small (less than 5 deaths per 100,000 persons per year). Most of the radiation is "natural" (from outer space and the radioactive elements ubiquitously present in buildings, soil, and our own bodies) and only a small part of it can be attributed to pollution from either the combustion of coal or nuclear reactors.
Recent reports of an excess mortality from lung cancer in counties in the USA in which the air is likely to have been polluted with vinyl chloride (26) or arsenic (27) cannot yet be interpreted. The former substance has not been proved to be carcinogenic in the human lung. The latter has; but the amount in the air under industrial conditions (28) has been many orders of magnitude greater than that likely to be present in the general atmosphere.
Trend with Reduction in Pollution
One further source of evidence that could be of value is the trend in the incidence of the disease when pollution is reduced. Any real effect that may have occurred in recent years is less likely to be confounded with the sort of change in diagnostic standards that complicated the interpretation of the previous increase in incidence, but unfortunately it still has to be distinguished from the effect of almost contemporaneous changes in cigarette smoking. These include not only changes in the number of cigarettes smoked by men and women of different ages, but also changes in the extent of use of filters and in the type of tobacco.
In England and Wales, the mortality from lung cancer in men is now declining at all ages under 65 years. The decline began at ages 35 to 39 years around 1955, spread to the next three 5-year age groups 5 years later, to ages 55 to 59 years 10 years later, and to ages 60 and 64 years 15 years later (Table 15) . Corresponding changes in the number of cigarettes smoked have been less (Table 16 ), but the number smoked has decreased since 1954 at all ages under 65 years. Other changes include a change in the type of tobacco smoked and a switch to the use of filter tipped cigarettes, which began in 1950 and continued until 1970, when filter-tipped cigarettes (25) . bNumbers of deaths due to pleural mesothelioma in parentheses. (31) , the limited evidence that is now available suggests that the male cohorts with the highest "cumulative consumption of constant tar cigarettes" were born 5 or 10 years later than those which experienced the highest age-specific lung cancer mortality rates at all ages between 30 and 59 years of age (Table 17 ). The evidence is based on a variety of assumptions, several of which may be incorrect. So far as it goes, however, it supports the belief that atmospheric pollution interacts with cigarette smoking to increase the incidence of the disease.
Conclusion
The ambient atmosphere, particularly in towns, contains a variety of substances that are capable of causing cancer of the lung in men who are exposed to large amounts of them in the course of their occupation. General knowledge of carcinogenesis suggests that at low doses the carcinogenic effect is likely to be linearly proportional to the dose received. It should, therefore, be assumed that the small amounts present in the atmosphere contribute to the causation of some of the cases of lung cancer that occur in clinical practice.
Observations on men indicate that by far the most important cause of lung cancer is cigarette smoking and that other factors characteristic of town air have very little effect, except in so far as some of them may interact with it. Extrapolation from occupational studies suggests that this effect is unlikely to be large. In the absence of cigarette smoking, the combined effects of all such atmospheric agents cannot be responsible for more than about five cases of lung cancer per 100,000 persons per year in European populations.
*"Carcinogen" is used to imply any factor that increases the risk of developing the disease, irrespective of whether it is a "complete carcinogen" or a "promoting agent" that acts only in the company of another agent.
